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1. Introduction
Semantic Web data [2] is currently being heavily
used as a data representation format in scientific com-
munities, social networks, business, news portals and
other domains. The irruption and availability of Se-
mantic Web data is demanding new methods and tools
to efficiently analyze such data and take advantage of
the underlying semantics. Although there exist some
applications that make use of Semantic Web data, ad-
vanced analytical tools are still lacking, preventing the
user from exploiting the attached semantics.
The main objective of this dissertation is to provide
a formal framework that enables the multidimensional
analysis of Semantic Web data in an scalable and ef-
ficient manner [5]. The success of multidimensional
analysis techniques applied to large volumes of struc-
tured data in the context of business intelligence, es-
pecially for data warehousing and OLAP applications
[3,4], has prompted us to investigate the application of
such techniques to Semantic Web data, whose nature
is semi-structured and contain implicit knowledge.
2. Motivating scenario
In a few words, the Semantic Web is an extension
of the current web in which information is given a
well-defined meaning. This is achieved by annotating
data with structured and machine-processable meta-
data. Resources are assigned a well-defined meaning
and interpreted by means of ontologies, which encode
knowledge about a particular domain.
Imagine the healthcare scenario, where patient’s
data across different hospitals are semantically anno-
tated, integrated and linked to biomedical data us-
ing a semantic framework. That is, patients’ diseases,
symptoms, treatments, etc. are correctly identified and
linked to concepts in ontologies, where their meaning
and taxonomical relations are specified. Also, patient’s
measurements such as blood pressure or heart rate are
not mere numbers but have a well-defined meaning.
Such a semantic framework where data are leveraged
to a conceptual level would enable more in deep and
thorough analysis of patients’ data as well as meaning-
ful “dashboards” for well-informed decision-making.
Fortunately, the previous scenario is a reality. The
amount of Semantic Web data is growing exponen-
tially, especially in complex scenarios such as health-
care or Life Sciences, where semantics alleviate in-
tegration issues. However, traditional analytical tools
for decision making based on multidimensional mod-
eling are not appropriate for data that is complex, semi-
structured and dynamic.
The multidimensinal model has been successfully
applied to traditional decision support because of its
simplicity. It is based on the fact/dimension dichotomy.
Data are modeled in terms of facts, or observations,
which contain analytical measures, and dimensions,
which are the different analysis perspectives. Dimen-
sions are usually hierarchically organized so that facts
can be summarized at different granularity levels (di-
mension levels) by applying a summarization function
to the measures.
Even though some attempts have been made to en-
able multidimensional analysis beyond relational data
to semi-structured data [1], the truth is that none of the
approaches have addressed the problem with Semantic
Web data in all its complexity.
This thesis proposes a multidimensional analytical
framework suitable for Semantic Web data that takes
advantage of all the implicit knowledge to make more
meaningful and sophisticated analysis.
This way, doctors will be able to analyze patients by
selecting research variables (or dimensions) from se-
mantically enriched data, such as the disease type, the
patient’s gender, the type of administered drug, etc. in
order to analyze the impact on several indicators (or
measures), such as clinical tests results or disease re-
covery levels. By enabling all the capabilities of multi-
dimensional analysis over Semantic Web data, doctors
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2will be able to create summaries at different granular-
ity levels. For example, they will be able to display av-
erage cholesterol levels of patients with cardiovascular
diseases, and right on, zoom in to display only the mea-
surements of patients having an angina pectoris. This
analysis will be possible thanks to the semantic rela-
tions between disease types encoded in the ontologies,
which indicate that an angina pectoris is a type of car-
diovascular disease. This knowledge is usually implicit
in domain ontologies and we will exploit it to perform
multidimensional analysis.
3. Methodology
The proposed analytical framework addresses all the
challenges related to the manipulation, processing and
analysis of Semantic Web data to enable efficient, scal-
able and full-fledged multidimensional analysis.
Scalability is achieved by two means. On one hand,
we provide an ontology indexing model over ontolo-
gies that allows to manage implicit knowledge in a
compact format. Therefore, operations that require rea-
soning can be efficiently solved using the indexes. On
the other hand, we have developed several scalable
modularization techniques that build upon the previous
indexes and allow to extract and work only with the
ontological subsets of interest.
These methods are used to make the extraction of
facts and dimensions from Semantic Web data efficient
and scalable. However, identifying facts, dimensions,
measures and well-shaped dimension hierarchies from
the graph structure that underlies SW data is a big chal-
lenge due to the mismatch between the graph model
that underlies Semantic Web data and the multidimen-
sional model. Therefore, the notions of fact and dimen-
sion are revisited in the Semantic Web context and both
facts and dimensions are defined from a logical view-
point.
Facts are formally defined as multidimensional points
quantified by measure values, all of which are logi-
cally reachable from the subject of analysis defined by
the user. To this end, we use the notion of aggregation
path, which is less restrictive than the traditional multi-
dimensional constraints usually imposed between facts
and dimensions, and define different interesting sub-
groups for analysis. We also detect the summarizability
of the extracted facts and produce correctly aggregated
results.
Dimensions are defined as direct acyclic graphs
composed by nodes that are semantically related and
adhere to the conceptual specification of the user. That
is, nodes are sub-concepts of the dimension type and
the edges are subsumption relations.
The flexibility introduced in the discovery of facts
and dimensions allows us to analyze data that have
complex relations, which escape to the traditional mul-
tidimensional model and cannot be otherwise ana-
lyzed. Moreover, instead of building a huge, one time
data warehouse, our method for fact and dimension ex-
traction is based on several indexes and precomputed
data, which allows us to efficiently materialize only the
facts and dimensions required by an analytical query.
This provides up-to-date, dynamic and customized re-
sults to the user.
4. Conclusion and future work
The analysis framework developed in the disserta-
tion constitutes a powerful tool that can be used in sev-
eral domains (healthcare, business, etc.) to analyze se-
mantic data in sophisticated ways until now unseen.
The developed use case shows the analytical potential
of the framework and the experiments validate the via-
bility of the proposal and demonstrate the efficiency of
the developed methods.
There are several lines of future work that involve
the enhancement of the indexes, the inclusion of prop-
erties in the modularization approaches, the definition
of new types of aggregation paths, among others. In a
broader sense, the success of the developed methods
encourages us to widen the analysis perspectives on
Semantic Web data to other kinds of analysis that aid
decision making, specially data mining techniques.
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